INTRODUCTION {#sec1}
============

CrossFit can be defined as high-intensity functional training \[[@cit0001]\]. It is characterised by the performance of training sessions called 'workouts of the day' (WOD), which consist of a wide variety of exercises performed repeatedly, quickly, and with limited or no recovery time between rounds. In general, typical workouts consist of Olympic and power lifting, gymnastic, strongman, plyometric and calisthenic exercises \[[@cit0002]\]. These workouts can be performed for a best time ('rounds for time', or RFT) or to achieve the highest number of repetitions without checking the time ('as many rounds as possible', or AMRAP) \[[@cit0003]\].

CrossFit, like other high-intensity training modalities, has elicited improvements in body composition, cardiovascular responses and physical fitness \[[@cit0004]\]. However, other studies have concluded that this modality of high-intensity functional training creates a high risk of musculoskeletal injury \[[@cit0005]\] and overreaching \[[@cit0006],[@cit0007]\], particularly if performed consistently. In addition, several cases of exercise-induced rhabdomyolysis have been described after CrossFit workouts \[[@cit0008]\].

CrossFit workouts require the performance of exercises at a high level of technique and power without long recovery periods, leading to overload situations and considerable fatigue \[[@cit0005]\]. However, although fatigue caused by CrossFit workouts could lead to injury in subsequent sessions, there is very little research that has studied acute responses or recovery from this modality of training session. Drum et al. \[[@cit0009]\] point out that a CrossFit workout is more strenuous, causing greater fatigue and muscle pain, than a training session based on the American College of Sport Medicine recommendations. Previous research has elicited an acute blood oxidative stress response and an increase in indirect blood markers of muscle damage (interleukin-6 and CK) after a CrossFit bout \[[@cit0010],[@cit0011]\]. Moreover, high blood lactate concentrations (ranging between 11 and 15 mmol/L) have been recorded after different CrossFit workouts \[[@cit0012],[@cit0013]\]. The magnitude of the physiological responses could depend on the CrossFit workout performed, since the exercise routines differ in intensity, duration, number of exercises and inclusion of rest periods. WODs have different psycho-physiological demands; some of them (e.g., "Fran" and "15.5") can be identified as high-intensity whereas others (e.g., "CrossFit triplet") can be considered moderate \[[@cit0001]\]. A questionnaire completed by 101 CrossFit participants revealed that they consider the hardest workouts to be 'Fran', 'Murph', 'Fight Gone Bad', 'Helen' and 'Filthy' \[[@cit0009]\]. In this sense, Fernandez-Fernandez et al. \[[@cit0003]\] observed that 'Fran' resulted in significantly longer time spent above 1 on the respiratory exchange ratio than the 'Cindy' routine. Another study concluded that a gymnastic WOD, consisting of completing the highest number of sets of five pull-ups, 10 push-ups and 15 air squats in 20 minutes, caused greater levels of blood lactate than a WOD with eight sets of skipping rope jumps x 20 s/10 s rest \[[@cit0013]\]. However, training sessions of different duration (shorter: \~ 4 min and longer: 17 min) could induce similar cardiovascular responses with a high metabolic impact \[[@cit0014]\].

On the other hand, along with these physiological and metabolic responses, significant reductions were produced in jump height performance and average power after a CrossFit routine consisting of gymnastic exercises \[[@cit0013]\]. However, Tibana et al. \[[@cit0006]\] reported a decrease in anti-inflammatory cytokines without decrements in muscle power after 24 hours of CrossFit workout, although rest intervals between sets and exercises were allowed during the training. For all that, and given the training paradigm of WODs, it is difficult to evaluate physical performance in CrossFit using traditional measures of aerobic and anaerobic power and capacity \[[@cit0015],[@cit0016]\].

Assessing the physiological stress and fatigue produced by a CrossFit workout, as well as detecting whether the individual is recovered before starting a new training session, is necessary to avoid injuries and overtraining situations. Despite the aforementioned studies, there is a lack of information on the kinetics of biochemical parameters and their recovery over time after different modalities of WODs. Therefore, the aims of the present study are to analyse biochemical parameters and physical performance after two modalities of CrossFit WODs (AMRAP and RFT) and to evaluate recovery over time (24 and 48 hours after both WODs).

MATERIALS AND METHODS {#sec2}
=====================

Participants {#sec2.1}
------------

Twelve trained men participated voluntarily in the study and they were recruited from a CrossFit training centre. Characteristics of participants are shown in [Table I](#t0001){ref-type="table"}. All of them fulfilled the following criteria for inclusion: no cardiovascular, metabolic or neurological diseases, no injuries in the last three months, at least one year of experience in CrossFit training with two days of training a week, and a relative strength greater than 1.2 (with respect to bodyweight) in the maximum repetition (1RM) of Power Clean. It was also required that participants did not perform any type of strenuous physical exercise or ingest any type of stimulating substance or alcohol in the 48 hours prior to the session and maintained their habitual lifestyle and normal dietary intake during the study. Before the study, all participants were informed about the protocol and potential risks and signed informed written consent. This study was developed following the guidelines of the Declaration of Helsinki and was conducted following approval from the Committee of Biomedical Ethics of the University of Extremadura.

###### 

Characteristics of participants.

  --------------------------------------
  Variable                Mean ± SD
  ----------------------- --------------
  Age (years)             30.4 ±5.37

  Weight (kg)             75.92 ± 7.50

  Height (m)              1.74 ± 0.04

  Body Mass Index         25.02 ± 2.23

  Σ Skinfolds (mm)        46.3 ± 15.96

  Lean Body Mass (kg)     68.15 ± 6.91

  Fat Body Mass (kg)\     6.13 ± 1.96\
  VO~2~max (ml/min/kg)\   47.8 ± 3.63\
  HRmax (bpm)             178 ± 15.28

  1RM Power Clean (kg)    93.2 ± 7.62
  --------------------------------------

Experimental design {#sec2.2}
-------------------

All participants performed two different modalities of CrossFit WODs in a randomised and balanced order, separated by 72 hours. Both sessions were performed at the same time of day (± 1h) with similar conditions of temperature and humidity (20--23°C and 40--45.0% respectively). Two weeks before the intervention, the researchers attended the CrossFit training centre to recruit the participants. The protocol of the investigation was explained to all the participants. The movement technique of the participants was checked and it was verified that they were familiar with the exercises foreseen in the WODs (Burpees, Toes to Bar, Wall Ball and Power Clean). After that, the maximum load lifted (1RM) in the Power Clean was recorded, following the protocol developed by Faigenbaum et al. \[[@cit0017]\].

Both WODs were carried out at the facilities of the CrossFit training centre with the equipment that the participants used regularly in their training sessions. Before the WODs, a warm-up was performed consisting of five minutes of low intensity running followed by five minutes of joint mobility. WOD1 (AMRAP) consisting of as many rounds as possible of *Burpees* and *Toes to Bar* increasing repetitions (1--1, 2--2, 3--3...) in five minutes. Each round had to be properly executed according to minimum exercise standards to continue onto the next round. The number of repetitions performed in WOD1 was 91.36 ± 13.89. WOD2 (RFT) consisting of three rounds of 20 repetitions of *Wall Ball* (9 kg) and 20 repetitions of *Power Clean* (a load of 40% 1RM) in the shortest possible time. All repetitions of the first exercise had to be completed before beginning the next exercise. No rests were scheduled or required between rounds. The total time to perform WOD2 was 534 ± 58.96 s.

Outcome measures {#sec2.3}
----------------

Anthropometric measurements. Measurements were taken at the first visit of participants to the laboratory. Body mass and height were measured using a portable stadiometer (Seca 213, Germany) and body mass index (BMI) was calculated from the ratio of weight/height**^2^** (kg/m**^2^**). Subcutaneous fat skinfolds (triceps, subscapular, abdomen, suprailiac, thigh and leg) were measured on the left side of the body using a skinfold caliper (Harpenden, West Sussex, UK), following the recommendations of the International Society for the Advancement of Kinanthropometry \[[@cit0018]\]. These measurements were always made by the same researcher.

1RM Power Clean test. The test was carried out in the CrossFit training centre two weeks before the intervention. Prior to testing, all participants performed a 5-minute warm-up session which included dynamic movement activities for the joints. The maximum repetition of Power Clean was recorded as the maximum load that could be lifted using proper exercise technique for one repetition. Before attempting a 1 RM, participants performed a progressive series of five submaximal sets of 1 to 2 reps with moderate to heavy loads (50--90% of the estimated 1 RM). If a weight was lifted with proper form during a 1 RM trial, the subsequent 1 RM weight attempt was increased by approximately 2.5 to 7 kg and the participant attempted another 1 RM trial following 3 minutes of rest. Each 1 RM was determined within 3 to 5 trials.

Maximal incremental test. The test was carried out after the anthropometric assessment made at the first visit to the laboratory (72 h prior to the training sessions). A maximal incremental test on a cycle ergometer (Ergoselect 100, Ergoline GmbH, Germany) was performed. After a 5 min warm-up at 50 W and 1 min of rest, participants started cycling at 75 W and the work rate was increased 25 W every 2 min until exhaustion. During the test, heart rate was recorded using a pulsometer (Polar Z9, Kempele, Finland) and maximum oxygen uptake (VO~2~max) was measured with a gas analyser (Metalyzer 3b, CORTEX Biophysik GmbH, Germany). The measurement finished when participants were unable to maintain the minimal required pedalling frequency (i.e. 60 rpm), with a plateau in VO~2~ despite an increase in work rate and a respiratory exchange ratio above 1.15.

Blood lactate. At the end of each WOD, lactate concentration was measured with a fast and reliable portable analyser (Lactate Scout+, SensLab GmbH, Germany) that uses an enzymatic-amperometric detection method and only requires 0.5 μL of blood.

Ratings of perceived exertion (RPE). RPE was assessed using the OMNI-Resistance Exercise Scale (OMNI-RES), a validated RPE for resistance exercise \[[@cit0019]\]. The OMNI-RES consisted of 10 reporting options between 1 (extremely easy) and 10 (extremely hard). Thirty minutes after finishing the protocols, a copy of this scale was given to the participants, who rated how hard the whole training session had been.

Heart rate. During training sessions, participants were monitored using a pulsometer (Polar Z9, Kempele, Finland). Beats per minute (bpm) were recorded throughout the session. Maximum heart rate (HRmax), mean heart rate (HRmean) and time spent in each intensity zone (calculated according to% HRmax recorded in the initial maximal incremental test) were defined after each WOD.

Physical performance tests. Countermovement jumps (CMJs) and plank tests were performed before warm-up and after exercise (5 min after the end of the training sessions) and again 24 and 48 hours after both WODs. First, the CMJ was performed on a portable contact platform (Chronojump, Boscosystem, Spain) where jump height data were instantaneously recorded using the free software distributed by the manufacturer (Software Chronojump V1.8.0, Boscosystem, Spain). Participants performed two maximal CMJs with 30 seconds' rest between them, and the average jump height was recorded. Participants began in a stationary upright position. On command, participants flexed their knees and jumped as high as possible while keeping their hands on their waist before landing with both feet. Secondly, the plank test was performed to evaluate the endurance of the core stabilising muscles. Participants started with the upper body supported off the ground by the elbows and forearms, and the legs straight with the weight taken by the toes. The hip was lifted off the floor, creating a straight line from head to toe. The test was over when the individual was not able to hold the back straight and the hip was lowered. The score was the total time completed.

Biochemical parameters. Blood samples were taken before and after exercise, and 24 and 48 hours after both WODs. Participants attended the research laboratory after a minimum of eight hours' overnight fasting for measurements. Participants could have breakfast after the blood draw, at least two hours before the beginning of the training session. Blood samples (5 ml) were taken from the antecubital vein by one experienced nurse and included the determination of blood urea nitrogen (BUN), total bilirubin (TBIL), transaminase GOT, transaminase GPT, lactate dehydrogenase (LDH), creatine phosphokinase (CPK) and glucose (GLU). One hundred uL of blood was collected in heparinised microwells and centrifuged for five minutes at 6000 rpm (MC6 centrifuge, Sarstedt, Nümbrecht, Germany). The analysis of samples was performed with an automatic dry-chemistry analyser system (Spotchem EZ SP-4430; Arkray, Inc., Kyoto, Japan). The calibration was checked daily through indicated reagent cards, according to the manufacturer's recommendations.

Statistical analysis {#sec2.4}
--------------------

Statistical analyses were performed using IBM SPSS Statistics for Windows, version 23.0 (IBM, Armonk, New York, USA). The Shapiro-Wilk test was applied in order to verify a normal distribution of data, and Levene's test was used to assess the homogeneity of variance. An ANOVA with repeated measures and a Bonferroni post hoc test were conducted to analyse differences between WODs over time. A one way ANOVA was performed to analyse differences in blood lactate, RPE, HRmax and HRmean between WODs. The effect size (d) \[[@cit0020]\] was estimated for all variables using partial eta squared (η**^2^**). The magnitude of the difference was considered small (0.02), medium (0.1), or large (0.25). The significance level was set at p ≤ 0.05, with a confidence level of 95%. Means and standard deviations (SD) were used as descriptive statistics.

RESULTS {#sec3}
=======

[Table II](#t0002){ref-type="table"} shows the differences between WODs in the internal load parameters (blood lactate, RPE and HR). Compared to WOD1, values of blood lactate and HRmean are significantly greater in WOD2. Similar results, showing the percentage of WOD time that the participant spent in each intensity zone during both WODs, are observed in [Figure 1](#f0001){ref-type="fig"}. In WOD1, participants were 44.5 ± 16.9% of the WOD time in the intensity zone of 50--59% HRmax. During WOD2, participants spent most of the time (46.9 ± 21.8%) in the intensity zone of 90--100% HRmax.

###### 

Parameters of internal load in both WODs.

  Variable         WOD1         WOD2                                          p       η^2^
  ---------------- ------------ --------------------------------------------- ------- -------
  Lactate (mmol)   13.3±1.87    18.38±2.02[\*](#tf2-1){ref-type="table-fn"}   0.003   0.680
  RPE (0-10)       7.2±1.3      8.2±0.4                                       0.143   0.248
  HRmax (bpm)      177.8±11.2   184.2±8.6                                     0.341   0.341
  HRmean (bpm)     127.6±11.1   159.8±12.1[\*](#tf2-1){ref-type="table-fn"}   0.002   0.705

Significant difference between WOD1 and WOD2.

η^2^: Effect size: Partial Eta Square

![Time spent in each intensity zone during WODs.](JBS-36-85458-g001){#f0001}

The time course of biochemical parameters and physical performance values after both WODs are shown in [Table III](#t0003){ref-type="table"}. GOT (+58%), GPT (+109%), CPK (+21%) and glucose (+37%) concentrations presented a statistically significant increase after WOD1 compared to baseline, and there was a significant decrease (-34%) in the plank test results. At 24 hours, the difference from baseline remained significant only in the values of CPK and the plank test. 48 hours after finishing WOD1, all values had returned to baseline. Regarding WOD2, significant increases of TBIL (+24%), GOT (+ 58%), GPT (+122%), CPK (+22%) and glucose (+71%) were observed after the training. With the exception of blood glucose, these values remained significantly elevated over the next 24 hours, although they returned to baseline by 48 hours after exercise. Additionally, performance in the plank test decreased significantly after WOD2 (-45%) and remained decreased at 24 hours after exercise (-23%). A significant difference in glucose concentrations was observed between WODs after the sessions (135.4 ± 19.6 vs. 167.4 ± 19.6), but no other difference was observed between WODs at any point in time.

###### 

Time-course analysis of biochemical parameters and physical performance after both WODs.

                 Baseline (A)   Post (B)                                                                        Δ (A-B)                                          24h. (C)                                         Δ (A-C)                                          48h. (D)        Δ (A-D)         Effect size   ANOVA, p-values               
  -------------- -------------- ------------------------------------------------------------------------------- ------------------------------------------------ ------------------------------------------------ ------------------------------------------------ --------------- --------------- ------------- ----------------- ----------- -----------
  BUN (mg/dL)    WOD 1          17.6 ± 4.3                                                                      17.8 ± 4.0                                       1.1                                              17.2 ± 5.0                                       -2.2            16.8 ± 3.8      -4.5          0.237             0.734       0.387
  WOD 2          20.8 ± 5.4     20.5 ± 4.4                                                                      -1.4                                             18.2 ± 1.6                                       -12.5                                            20.6 ± 3.6      -0.9            0.453                                       
                                                                                                                                                                                                                                                                                                                                               
  TBIL (mg/dL)   WOD 1          0.58 ± 0.2                                                                      0.68 ± 0.3                                       +17.2                                            0.54 ± 0.2                                       -6.8            0.56 ± 0.19     -3.44         0.389             0.287       0.179
  WOD 2          0.50 ± 0.2     0.62 ± 0.1[\*](#tf3-1){ref-type="table-fn"}                                     +24.0                                            0.70 ± 0.2[\*](#tf3-1){ref-type="table-fn"}      +40.0                                            0.60 ± 0.2      +20.0           **0.048**                                   
                                                                                                                                                                                                                                                                                                                                               
  GOT (IU/L)     WOD 1          33.6 ± 14.3                                                                     53.2 ± 11.5[\*](#tf3-1){ref-type="table-fn"}     +58.6                                            37.4 ± 8.6                                       +11.3           27.6 ± 8.8      -17.8         0.372             **0.000**   0.196
  WOD 2          29.4 ± 6.0     46.6 ± 7.2[\*](#tf3-1){ref-type="table-fn"}                                     +58.5                                            36.4 ± 11.0[\*](#tf3-1){ref-type="table-fn"}     +23.8                                            28.8 ± 8.6      -2.0            **0.000**                                   
                                                                                                                                                                                                                                                                                                                                               
  GPT (IU/L)     WOD 1          31.6 ± 14.7                                                                     66.4 ± 13.8[\*](#tf3-1){ref-type="table-fn"}     +109                                             34 ± 11.4                                        +9.4            29.2 ± 13.5     -7.5          0.089             **0.000**   0.721
  WOD 2          28.6 ± 8.8     63.6 ± 11.8[\*](#tf3-1){ref-type="table-fn"}                                    +122                                             33.8 ± 9.0[\*](#tf3-1){ref-type="table-fn"}      +18                                              29 ± 9.2        +1.4            **0.000**                                   
                                                                                                                                                                                                                                                                                                                                               
  LDH (IU/L)     WOD 1          276.4 ± 57.1                                                                    308.6 ± 48.6                                     +11.5                                            324 ± 61.6                                       +17.3           229 ± 30.5      +17.0         0.256             0.546       0.356
  WOD 2          260.2 ± 26.8   248.6 ± 26.9                                                                    -4.4                                             288.6 ± 61.5                                     +10.9                                            252.4 ± 27.9    -3.0            0.181                                       
                                                                                                                                                                                                                                                                                                                                               
  CPK (IU/L)     WOD 1          566.4 ± 159.1                                                                   689.6 ± 281.9[\*](#tf3-1){ref-type="table-fn"}   +21.7                                            864.0 ± 369.5[\*](#tf3-1){ref-type="table-fn"}   +52.6           485.4 ± 180.4   -14.3         0.340             **0.023**   0.233
  WOD 2          406.8 ± 201    492.2 ± 203.8[\*](#tf3-1){ref-type="table-fn"}                                  +22.7                                            673.8 ± 444.1[\*](#tf3-1){ref-type="table-fn"}   +65.6                                            410.6 ± 221.3   +1.0            **0.000**                                   
                                                                                                                                                                                                                                                                                                                                               
  GLU (mg/dL)    WOD 1          98.2 ± 11.1                                                                     135.4 ± 19.6[\*](#tf3-1){ref-type="table-fn"}    +37.4                                            95.6 ± 5.7                                       -2.6            95.4 ± 9.8      -2.8          0.451             **0.021**   **0.033**
  WOD 2          97.6 ± 10.3    167.4 ± 19.6[\*](#tf3-1){ref-type="table-fn"}[†](#tf3-2){ref-type="table-fn"}   +71.5                                            85.8 ± 15.2                                      -12.0                                            94.7 ± 9.8      -3.0            **0.000**                                   
                                                                                                                                                                                                                                                                                                                                               
  CMJ (cm)       WOD 1          42.4 ± 6.3                                                                      45.3 ± 4.7                                       +6.8                                             40.3 ± 5                                         -4.9            41.5 ± 5.1      -2.1          0.124             0.108       0.628
  WOD 2          42.2 ± 7.7     44.1 ± 6                                                                        +4.5                                             41.1 ± 6                                         -2.6                                             41.7 ± 5.8      -1.1            0.232                                       
                                                                                                                                                                                                                                                                                                                                               
  Plank (s)      WOD 1          180 ± 19.3                                                                      117.4 ± 20.5[\*](#tf3-1){ref-type="table-fn"}    -34.70%                                          130 ± 27.5[\*](#tf3-1){ref-type="table-fn"}      -27.7           166.8 ± 20.6    -7.2          0.26              **0.016**   0.349
  WOD 2          177.8 ± 13.6   96.4 ± 17.7[\*](#tf3-1){ref-type="table-fn"}                                    -45%                                             135 ± 22.2[\*](#tf3-1){ref-type="table-fn"}      -23.7                                            161.2 ± 15.5    -9.0            **0.010**                                   

Indicates differences with respect to baseline (post hoc t-test with Bonferroni correction).

Indicates differences between groups.

DISCUSSION {#sec4}
==========

The aims of the present study were to analyse biochemical parameters and physical performance after two modalities of CrossFit WODs (AMRAP and RFT) and to evaluate 48-hour recovery. Both WODs caused changes in the biochemical parameters (e.g. GOT, GPT, CPK, glucose) and in physical performance (plank time), but these variations returned to baseline within 48 hours after finishing the training sessions. Nonetheless, the WOD that focused on performing the proposed rounds in the shortest possible time showed significantly higher values of HRmean, lactate and glucose than the AMRAP WOD after training sessions.

These results confirm that CrossFit is a fitness activity of moderate-high intensity. Other studies have shown that major physiological and metabolic responses (heart rate \> 90--95% HRmax and blood lactate \> 14 mmol/L) and perceptual levels (RPE \> 8) were achieved after a CrossFit WOD \[[@cit0001],[@cit0003]\]. In this sense, the high initial levels of LDH and CPK (above the normal reference values) could indicate that the participants in the study had a certain level of fatigue and muscle damage \[[@cit0021]\] caused by the usual practice of high intensity CrossFit sessions.

Both WODs elicited significant changes in the biochemical parameters after the training sessions, as a result of the effort performed. These results are supported by other investigations that studied oxidative stress \[[@cit0010]\] or inflammatory \[[@cit0006]\] and cardiometabolic \[[@cit0022]\] responses after different modalities of CrossFit WODs. However, to the best of our knowledge, the present study is the first to analyse the time-course analysis (from before to 48 h after exercise) of biomarkers of fatigue, protein catabolism, muscular damage, hepatic enzymes and metabolism. The concentration of hepatic transaminases (GOT and GPT) was analysed to assess the liver overload during the effort. In both WODs, there was a significant increase after exercise; these levels remained high at 24 hours only after WOD2 (higher intensity than WOD1). The accelerated metabolic demands of the muscle exercise cannot be met without a robust response from the liver \[[@cit0023]\], so it is logical to observe an increase in liver enzymes. There are even studies that claim that intensive muscular exercise (e.g. weightlifting) can increase the liver function for at least seven days after the exercise \[[@cit0024]\]. That is not what happened in our study, where the values of hepatic transaminases returned to baseline at 48 hours after exercise. An increase in total bilirubin, which remained elevated until 24 hours after exercise, was observed only after WOD2. Bilirubin can be elevated because of haemolysis, which is typical of high-intensity exercise, although these values also returned to baseline at 48 hours, indicating that there was no continuous intravascular haemolysis \[[@cit0021]\]. In addition, after both CrossFit WODs, an increase in blood concentrations of CPK and LDH (without achieving statistical significance in this last parameter) was observed, which peaked at 24 hours and returned to baseline at 48 hours after exercise. These parameters can provide information about metabolism and muscle damage, and their values increase during intense muscular exercise \[[@cit0025]\]. This rise is in line with the results of previous studies, in which similar increases in muscle damage markers were observed after performing high-intensity resistance training \[[@cit0026],[@cit0027]\]. Therefore, the results of the present study would suggest that muscle damage has occurred after CrossFit sessions, although without reaching the extreme values of CPK that occur associated with exercise-induced rhabdomyolysis caused by a CrossFit session \[[@cit0008]\]. With regards to blood glucose, which is the main metabolic substrate used at the muscular level during intense exercise, a significant increase was observed after both WODs. Similar results were observed by Tibana et al. \[[@cit0006]\] after two different AMRAP WODs including power exercises and gymnastic movements over 10--12 minutes. In addition, previous studies have shown that high-intensity training (HIT) causes increases in blood glucose as a result of increased metabolic demand \[[@cit0028]\]. Subsequently, as might be expected in healthy people, blood glucose returned to baseline at 24 hours.

Regarding physical performance, significant decreases were observed in the time spent in the plank test, both immediately after and 24 hours after finishing both WODs. The core muscles are the centre of most kinetic chains in the body and have a significant effect on the transfer forces to the extremities \[[@cit0029]\], so both training sessions that included functional body exercises certainly caused fatigue in this muscle zone. This fatigue had a negative effect on the plank test results, since the stability and activation of the central muscles of the body are essential to the performance of this test \[[@cit0030]\]. The test values returned to baseline at 48 hours, which would indicate that the participants were already recovered. However, no significant decrease was observed in the performance of CMJ. The type of exercise and the movement velocity during the WODs seem to play an important role in the muscle fatigue of knees. In this sense, Maté-Muñoz et al. \[[@cit0022]\] observed a decrease in performance in the CMJ after the 'Cindy' WOD (five pull-ups, 10 push-ups and 15 air squats in 20 min), but they did not find any significant difference after another WOD consisting of double skip rope (eight sets of 20 s with 10 s of rest between sets). On the other hand, the measurement of CMJ was made before the warm-up of the training session, so the participants may not have obtained their best mark in the initial test.

Finally, WOD1 showed lower levels of blood lactate, RPE, HRmax and HRmean than WOD 2. Moreover, participants trained longer at moderate intensity (50--59% HRmax), but they spent more time at higher intensity (90--100% HRmax) during WOD2. This difference of intensity between sessions caused significantly higher blood glucose concentrations after WOD2, because the metabolism of carbohydrates was more involved and a greater amount of glucose was required at the muscular level \[[@cit0028]\]. The differences between sessions could be explained by the total duration of WOD2 being greater than that of WOD1. In addition, participants trained with external loads during WOD2, while in WOD1 the exercises were always carried out with body weight. Similar results were observed by Tibana et al. \[[@cit0031]\], who found higher metabolic, cardiovascular, and RPE responses after a protocol that had a weightlifting exercise (snatch) than after performing a protocol of similar duration only of cardiovascular exercises (rowing and burpees).

As limitations of the study, it was impossible to match the training load between both modalities of WODs (AMRAP and RFT). In addition, the study was conducted only with trained people and the results could vary depending on the training status, especially if it is considered that the sample size was not too large. In this sense, CrossFit is characterized by the variety of sessions and types of exercise, which is a motivating factor for its practitioners. However, the prescription of the training sessions should be based on rigorous monitoring of the training and proper balanced programming of WODS, based not only on the external load of the training (time, repetitions, kg, etc.), but also on the internal load (biological stress caused by the external load).

CONCLUSIONS {#sec5}
===========

In conclusion, the intensity of effort exhibited during WOD2 (RFT) was greater than that exhibited during WOD1 (AMRAP). However, the performance of both CrossFit sessions caused significant changes in liver transaminases, markers of muscle damage and metabolism, and a decrease in physical performance. All the levels recovered and returned to baseline at 48 hours; therefore, the metabolic and muscular stress caused by both WODs was not so high as to induce a pathological state. These results could help trainers and CrossFit practitioners to control and plan their training properly so as to avoid situations of overreaching and chronic fatigue. Given the wide variety of WODs, exercise types and activities in CrossFit, further investigation is necessary for an in-depth understanding of the physiological, biochemical and performance changes that this fitness modality can cause.
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